ABSTRACT
INTRODUCTION
In service, die-casting dies are subjected to severe mechanical, physical and chemical failure mechanisms, which result in the following forms of die wear: heat checking (thermal fatigue phenomenon) and washout (combined erosion, corrosion and soldering phenomenon) l\l. In fact, these two wearing mechanisms go together, washout weakens the material against heat checking, and heat checking makes the die surface more prone to washout. The temperature of molten aluminium is a critical parameter for both phenomena: the higher the temperature -the higher the stresses and the rate of soldering.
Whilst a number of alternative materials have been tested for aluminium die casting die application, the generic H13 tool steel remains the most popular choice.
Unfortunately, for Η13 and its heat treatment, there is always the need of compromise between hardness and toughness.
Another possible route to realise desired complex die properties is division of function. A proper coating or treated surface provides protection against wear, and steel is responsible exclusively for load bearing /2, 3/.
PROCEDURE
A thermal fatigue test was conducted with a combined Erosion/Corrosion/Thermal Cycling (ECTC)
Test Apparatus, which was designed and built at Glucina Metals to simulate aluminium die casting conditions and be able to test multiple specimens at the same time ( Figure 1) . A detailed description of the test rig and procedure is given in l\l.
Several alterations were made to the previous test procedure. The first relates to the temperature of the molten aluminium. The melt temperature (T mc)t ) inside the holding furnace, which is about 640°C, has sometimes been regarded as the temperature (Tf,iij ng ) at which molten alloy enters the die cavity, and T md , is taken as T so | deri "g to model the growth of soldering Table 1 .
H5 Specimens.
This is a bare sample from H13 steel, which was heat-treated using the standard procedure in a fluidised bed.
L-type Specimens. L5 is an Ion Plasma Coating of (Hf,Zr)N, which was produced using an 80%Hf / 20%Zr target in the nitrogen atmosphere. The coating obtained is a very smooth, mirror-like film of yellow-gold colour. The transverse crack pattern of the H5 specimen after 25000 cycles is shown in Figure 3 .
All cracks are very narrow and superficial. The crack parameters of the H5 specimen after 25000 cycles are given in Table 2 . Table 2 Crack parameters of the tested specimens after 25000 cycles. Probably because carbo-nitride phases are less inclined to coagulation during the heating than nitrides, the N4 specimen shows better tempering resistance than N5. Figure 5 displays the regular transversal cracks, which originate in oxide layer (grey). Eventually, some of them can initiate cracks in the die metal when the tensile stress exceeds the elastic limit.
However, there were no transversal cracks observed on the surface of metal in the N4 specimen.
Nevertheless, a few narrow, hardly visible cracks were found on the surface of the N5 sample ( Figure 6 ). It is reasonable to assume that nitride phases are responsible for this. Generally, nitride compounds are more brittle than carbo-nitrides and, consequently, they have less ability to accumulate plastic deformation before fracture occurs.
The measured crack parameters of the H5 and N5 specimens are presented in Table 2 . The N5 specimen has a crack density (n) and the cumulative crack length (Σ1) more than two times smaller than the H5 sample.
S Specimens. The microstructure of the S specimen represents the martensitic structure with a wave-like peened surface. The difference between the initial state and that after thermal cycling is the presence of an even oxide layer, which duplicates the surface relief. The dents from the shots in the steel matrix feature on the surface of the sample. There were no transversal cracks found on the surface of the S-specimen.
The initial subsurface micro-hardness of the Ssample, and that following a certain amount of thermocycling is shown in Figure 4 . At the first stage of cycling (1000 cycles), the hardness of the S-specimen The thickness of the coating varies from 10 to 20 μηι.
The micro-hardness of the outer layer varied from 1280
to 1400 H v and did not change during the test.
Transversal cracks were not found on the substrate of any ESD specimens.
Ml and M2 Specimens. The Ml specimen was treated by a TRD process to produce an Fe 2 B phase on Eventually, the coating breaks off exposing the steel surface to lubricant and molten metal. •H5 >N5 However, no substrate cracks were found in either the Ml or M2 specimens.
The only specimens that have thermal fatigue cracks present on the substrate during this test programme, were H5 and N5. Relative crack parameters for these two samples are given in Figure 15 . The N5 specimen has a crack density and total crack length about three times less than that for H5 sample. 6. In general, the ESD specimens (L6 -L8) displayed an excellent metallurgical bond between the substrate and the inner coating layer. However, the outer coating layer contained some cracks and pores, but retained its adhesion to the inner coating. The search for the best substrate/coating combination should be continued.
7. The chromium carbide TRD coating (M2) resisted thermal fatigue without cracking and better than the iron boride (Ml) coating, although it showed some surface deterioration (pits).
8. Only two of the tested specimens (H5 and N5) have demonstrated thermal fatigue cracks in the substrate, and Ν 5 sample has shown a crack density and total crack length about three times less than the H5.
